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Abstract
We provide an analysis of the parameter space of several supersymmetry breaking sce-
narios such as the minimal supergravity (mSUGRA) model and the non universal Higgs
mass (NUHM) framework, as well as the Anomaly Mediated Supersymmetry Breaking
(AMSB) and the Gauge Mediated Supersymmetry Breaking (GMSB) models, in the light
of a novel observable in b → sγ transitions, i.e. the isospin symmetry breaking in the
exclusive B → K∗γ decays. We find that in many cases, this observable provides severe
restrictions on the allowed parameter space regions for the mentioned models. Moreover,
we provide a few examples of investigations of the physical masses of supersymmetric
particles and search for the excluded values. The constraints from the branching ratio
associated to b→ sγ are also presented here for all the examined parameter space regions.
A comparison with Bs → µ+µ− branching ratio has also been performed.
PACS numbers: 11.30.Pb, 12.15.Mm, 12.60.Jv, 13.20.He
1 Introduction
During the last few years, constraints from the branching ratio of b→ sγ have been extensively
used as a guide for supersymmetry phenomenology and in particular, to constrain the MSSM
[1]. Indeed, since these decays can only occur at loop level in the Standard Model, they bring
very restrictive constraints on the new physics parameters.
In this study, we focus on a novel observable in b → sγ transitions, namely the isospin asym-
metry, and show that this new observable can provide additional information to the inclusive
branching ratio and, in some regions, even more restrictive limits on the SUSY parameters.
1Electronic address: nazila.mahmoudi@tsl.uu.se
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The isospin asymmetry in the exclusive process B → K∗γ is defined as
∆0− =
Γ(B¯0 → K¯∗0γ)− Γ(B− → K∗−γ)
Γ(B¯0 → K¯∗0γ) + Γ(B− → K∗−γ) , (1)
and similarly ∆0+ is defined as the charge conjugate of this equation.
Using QCD factorization, one can show that the isospin asymmetry can be written as [2]:
∆0− = Re(bd − bu) , (2)
where the spectator-dependent coefficients bq reads:
bq =
12π2fB Qq
m¯b TB→K
∗
1 a
c
7
(
f⊥K∗
m¯b
K1 +
fK∗mK∗
6λBmB
K2q
)
. (3)
In this equation, ac7, K1 and K2q depend on the Wilson coefficients. We adopt here the defini-
tions and conventions of [3] for the different parameters appearing in Eq. (3). An analysis of
the branching ratio and isospin symmetry breaking in the context of beyond QCD factorization
has also been performed in [4].
The experimental data for exclusive decays from Babar [5] and Belle [6] point to isospin asym-
metries of at most a few percent, consistent with zero:
∆0− = +0.050± 0.045(stat.)± 0.028(syst.)± 0.024(R+/0) (Babar) , (4)
∆0+ = +0.012± 0.044(stat.)± 0.026(syst.) (Belle) . (5)
Calculating the expected isospin asymmetry from Eqs. (2) and (3), and confronting the results
to the combined experimental limits of (4) and (5) allow us to establish limits on the super-
symmetry parameters. In [3], we have detailed the calculation of the isospin asymmetry in the
MSSM with minimal flavor violation, and performed scans on the mSUGRA parameter space.
This study extends the analysis of [3] to a broader range of supersymmetric hypotheses, and we
investigate the constraints from the isospin asymmetry for different scenarios of supersymmetry
breaking. As a comparison reference, we also calculate the inclusive branching ratio associated
to b→ sγ.
All the calculations in this paper, for both the inclusive branching ratio and the isospin symme-
try breaking have been performed with the computer program SuperIso [7], which is a public
C program which calculates the isospin asymmetry, using a SUSY Les Houches Accord file
for the input parameters, that can be either automatically generated thanks to for example
SOFTSUSY [8] or ISAJET [9], or provided by the user.
In the following sections, after deriving the bounds on the isospin asymmetry and estimating
the errors, we give a summary of the results in the minimal supergravity (mSUGRA) parameter
space, and we present the constraints from isospin asymmetry for other scenarios such as the
non universal Higgs mass (NUHM), the Anomaly Mediated Supersymmetry Breaking (AMSB)
and the Gauge Mediated Supersymmetry Breaking (GMSB) models.
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CKM parameters and B meson mass
Vus Vcb |Vub/Vcb| Re(V ∗usVub/V ∗csVcb) mB
0.22 0.041± 0.05 0.085± 0.025 0.011± 0.005 5.28 GeV
B meson parameters
fB λB a⊥ < v¯
−1 >⊥ hK∗(x)
200± 20 MeV 350± 150 MeV 0.19± 0.02 3.7± 0.04 (4.8± 0.5)
+ (1.5± 0.2)i
K∗ meson parameters
f⊥K∗ mK∗ fK∗ T
B→K∗
1
175± 9 MeV 892 MeV 226± 28 MeV 0.30± 0.05
Convolution integral parameters
F⊥ G⊥(xcb) H⊥(xcb) X⊥
1.21± 0.06 (2.82± 0.20)
+ (0.81± 0.23)i
(2.32± 0.16)
+ (0.50± 0.18)i
(3.44± 0.47)X
− (3.91± 1.08)
Quark and W -boson masses
mb(mb) mc(mb) ms mt MW
4.2± 0.1 GeV 1.2± 0.2 GeV 0.10± 0.03 GeV 172.5± 2.7 GeV 80.4 GeV
Table 1: Numerical values of the parameters involved in the calculation of the isospin asym-
metry.
2 Bounds on isospin asymmetry
In this section, we perform a general analysis of the errors, in order to derive the effective
bounds on the isospin asymmetry.
The calculation of ∆0− requires the knowledge of many parameters (please refer to [2, 3] for
a complete description of the calculation), whose values and associated errors are given in Ta-
ble 11. The parameter X = ln(mB/Λh) (1+̺ e
iϕ) in this table parametrizes the logarithmically
divergent integral
∫ 1
0
dx/(1−x). Allowing as usual ̺ ≤ 1 and an arbitrary phase ϕ, we perform
an analysis of the errors due to the variation of the input parameters of Table 1. We find, at
95% C.L., that the total relative theoretical error is about 35%. The highest relative uncer-
tainties arise from λB (10%), T
B→K∗
1 (7%), fB (3%), and X (3%).
However, the isospin asymmetry calculation also involves the choice of three different scales,
µb = O(mb), µ0 = O(mb) and µspec = O(
√
Λhmb), where Λh is a hadronic scale that we take to
1Most of the values in this table are taken from [10] and [11], with some updates.
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Figure 1: Dependence of the isospin asymmetry on the scales µb, µ0 and µspec. We consider
here the mSUGRA parameter space with m0 = 500 GeV, m1/2 = 500 GeV, tan β = 50, A0 = 0
and µ > 0.
be approximately 0.5 GeV. The dependence of the theoretical predictions on the choice of the
scales can be considered as an estimate of higher-order corrections. This dependence is depicted
in Fig. 1. We can first remark that ∆0− is quite stable with respect to the variation of µspec.
We can also observe a higher scale dependence of ∆0− for small values of the µ’s. Following the
usual practice, we evaluate the truncation errors while varying the scales µb, µ0 and µspec inde-
pendently, in the ranges µb ∈ [mb/2, 2mb], µ0 ∈ [mb/2, 2mb] and µspec ∈ [
√
Λhmb/2, 2
√
Λhmb],
with their central values taken to be respectively mb, mb and
√
Λhmb. We then calculate the
truncation error of the sum by adding the individual errors in quadrature. We determine the
relative uncertainty corresponding to the choice of the scales: -15% / + 10%. This error can be
considered as an evaluation of the influence of higher order contributions. Combining all the
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Figure 2: Evaluation of the experimental and theoretical errors, in the mSUGRA parameter
space with m0 = 500 GeV, m1/2 = 300 GeV, A0 = 0 and µ > 0. The horizontal black line
corresponds to the criterion (2.1), which is a 95% confidence level limit, to be compared with
the red plain line corresponding to the calculated isospin asymmetry.
sources of errors, we find that the total relative theoretical uncertainty at 95% C.L. is -50% /
+45%.
Combining the experimental and the theoretical errors, we derive the criterion (at 95% C.L.):
− 0.018 < ∆0− < 0.093 . (6)
This criterion is illustrated in Fig. 2. The upper limit will be used in the following sections to
impose constraints on supersymmetric parameter spaces. Although the uncertainties are very
large, we can safely claim that the theoretical predictions for the isospin asymmetry should
not exceed 9.3% (at 95% C.L.), and this allows us to rule out models (or parameters) which
produce too large isospin asymmetries.
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3 Isospin asymmetry and the MSSM
In this section, a comparison between the theoretical evaluations and the experimental bounds
of the last section has been performed. We investigate the constraints from the isospin asym-
metry for several scenarios of supersymmetry breaking.
3.1 mSUGRA
A more detailed investigation of the minimal supergravity model (mSUGRA) parameter space
has been presented in [3, 12]. Here we emphasize the major results and provide some compar-
isons with other B Physics observables.
Figure 3: Constraints on the mSUGRA parameter plane (m1/2, m0) for A0 = 0 (left) and
A0 = −m0 (right). The conventions for the colors and the meaning of the different regions are
described in the text.
The SUSY mass spectra, as well as the couplings and the mixing matrices were generated using
SOFTSUSY 2.0.14 [8].
We scan the mSUGRA parameter space {m0, m1/2, A0, tanβ, sign(µ)}, and for every point we
calculate the isospin asymmetry and confront it to the limits of Eq. (6). We also calculate
6
Figure 4: Dependence of isospin symmetry breaking on the different input parameters of the
mSUGRA model, when scanning over one million randomly chosen parameter space points, for
µ > 0.
the inclusive branching ratio as a comparison reference. Considering the latest experimental
limits from the Heavy Flavor Averaging Group (HFAG) [13], including theoretical errors from
[14, 15], as well as an intrinsic MSSM correction [16], we derive the following limits at 95%
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Figure 5: Excluded regions in the mSUGRA parameter plane (m1/2, m0) for tanβ = 50 and
A0 = 0. The red region is excluded by the isospin asymmetry of B → K∗γ, while the green
region is excluded by the inclusive branching ratio of B → Xsγ. The blue region is excluded
by the branching ratio of Bs → µ+µ−. Note that the red region contains the green one which
contains the blue region.
C.L.:
2.07× 10−4 < B(b→ sγ) < 4.84× 10−4 . (7)
In Fig. 3, an investigation of the (m1/2, m0) plane for A0 = 0 and A0 = −m0 is presented.
In this figure, inside the black contour marked “Isospin” is excluded by the isospin breaking
constraints, whereas inside the contour marked “BR” corresponds to the region excluded by the
inclusive branching ratio constraints. The “Excluded” light grey area in the figure corresponds
to the case where at least one of the sparticle masses does not satisfy the collider constraints
or where the neutral Higgs boson becomes too light [17]. Finally, the “Charged LSP” region
is cosmologically disfavored if R-parity is conserved. The various colors represent the changing
magnitude of the isospin asymmetry.
One can notice the severe constraints from the isospin symmetry breaking for large tanβ values
and for µ > 0 as compared to the total branching ratio. One can also note that the isospin
asymmetry is enhanced by a negative value of A0, although the global shapes of the limiting
regions remain similar.
In order to have a better idea of the dependence of isospin asymmetry on different mSUGRA
parameters, we present in Fig. 4 the results of the scan over one million randomly chosen pa-
rameter space points while varying the mSUGRA input parameters in the rangesm0 ∈ [0, 2000],
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Figure 6: Constraints on the NUHM parameter plane (m1/2, m0). The conventions for the
different colored regions are the same as in Fig. 3. In the white region tachyonic particles are
encountered.
m1/2 ∈ [0, 2000], A0 ∈ [−2000, 2000] and tanβ ∈ [0, 50], for µ > 0. The horizontal black line in
these plots corresponds to the limit of Eq. (6). One can notice here a larger number of excluded
points for higher values of tanβ, small values of m1/2 and negative values of A0. Approximately
10% of the analyzed points are in the excluded region.
To evaluate how restrictive the isospin symmetry breaking is compared to the other B Physics
observables, we show in Fig. 5 an example of the regions excluded by the branching ratio of
Bs → µ+µ− (in blue), by the inclusive branching ratio of B → Xsγ (in green) and by the
isospin asymmetry of B → K∗γ (in red), for tan β = 50 and A0 = 0.
We can remark that isospin asymmetry is more constraining than both the branching ratio
observables.
For this plot, we used the following constraint for the branching ratio of Bs → µ+µ− [18]:
B(Bs → µ+µ−) < 0.97× 10−7 , (8)
and the masses and couplings were generated using ISAJET 7.75 [9].
In this section, we showed that in the studied mSUGRA regions, the isospin asymmetry greatly
enlarges the exclusion contours compared to the previously used B physics observables.
9
Figure 7: Constraints on the NUHM parameter planes, (µ,mA) to the left and (mA, tanβ)
to the right. The white BR contour delimits the region excluded by the branching ratio, and
the black contour corresponds to the isospin symmetry breaking constraint. The conventions
for the different regions are the same as in the precedent figures, but the color scale here is
different.
3.2 NUHM
We explore in this section the non universal Higgs mass (NUHM) framework parameter space
[19], in which the universality assumptions of the soft SUSY breaking contributions to the
Higgs masses are relaxed as compared to the mSUGRA scenario. Within this framework, two
additional free parameters, MA and µ, add to the five universal parameters of the mSUGRA
scenario.
Fig. 6 shows an example of the results in the (m1/2, m0) plane for tan β = 50, A0 = 0,MA = 700
GeV and µ = 400 GeV. The masses and couplings were generated using SOFTSUSY 2.0.14 [8].
The results are similar to those for the mSUGRA parameter space, as was expected. The white
area at the lower part of this figure has not been generated since it corresponds to tachyonic
particles.
In Fig. 7, the (µ,mA) and (mA, tanβ) planes are investigated. For these two samples, the
regions excluded by the branching ratio and by the isospin asymmetry are not correlated any-
more. One can thus appreciate the additional information provided by this new observable.
Furthermore, these results can be compared to other existing constraints, for example those
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Figure 8: Constraints on the AMSB parameter planes (tan β,m3/2) to the left, and (tan β,m0)
to the right. The conventions for the different regions are the same as in the precedent figures.
fromWMAP. For instance, comparing the (µ,mA) plane (Fig. 7) with a similar plot presented in
[20], one can notice that the WMAP favored region was between two strips at roughly constant
positive and negative values of µ, extending approximately to µ = 350 GeV. It is remarkable
that the isospin asymmetry constraint reduces a substantial part of this region. This example
illustrates the usefulness of exploring isospin asymmetry and the complementary information
that can be obtained.
3.3 AMSB
We can now focus on other supersymmetry breaking scenarios, and study the influence of the
isospin asymmetry for these models. First we consider the Anomaly Mediated Supersymme-
try Breaking (AMSB) scenario [21]. These mechanisms are well motivated since they preserve
virtues of the gravity mediated models while the FCNC problem is solved.
For this scenario, we generate the masses and couplings with SOFTSUSY 2.0.14 [8], and per-
form scans in the parameter space {m0, m3/2, tanβ, sign(µ)}.
The results are presented in Fig. 8, where the (tanβ,m3/2) and (tanβ,m0) planes are studied.
For the (tanβ,m3/2) plane, the constraints from the branching ratio are in the region already
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(a) (b)
Figure 9: Evolution of the isospin asymmetry in the GMSB parameter space, (a) in the plane
(tanβ,Λ) forMmess = 500 TeV, and (b) in the plane (tan β,Mmess) for Λ = 100 TeV. Note that
in (b), the Mmess scale is logarithmic.
excluded by the collider mass limits. In the (tanβ,m0) plane, we obtain no limit from the
branching ratio. However, for both cases, we obtain remarkable contours from the isospin
asymmetry. This is another example in favor of investigating the isospin symmetry breaking
observable.
3.4 GMSB
As a final example, we consider the Gauge Mediated Supersymmetry Breaking (GMSB) sce-
nario [22]. Several regions in the parameter space {Λ, Mmess, N5, cgrav, tan β, sign(µ)} have
been investigated. Unfortunately, the available experimental data do not allow us to obtain
any constraints from neither the branching ratio nor the isospin symmetry breaking for low
values of the messenger scale. Indeed, in this case the stop mass is relatively large resulting in
low contributions from the chargino and charged Higgs loops. Nevertheless, to show how the
isospin asymmetry evolves in the GMSB parameter space for low messenger scale, we perform
a scan for Mmess = 500 TeV, N5 = 1 and we set cgrav = 1. The masses and couplings were
generated with SOFTSUSY 2.0.14 [8]. Fig. 9a shows the results for the (tan β,Λ) plane.
For high values of the messenger scale the situation is much better since the mixing t˜L − t˜R is
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Figure 10: The mSUGRA parameter space to the left for tanβ = 50 and A0 = 0. To the
right, the AMSB parameter space for tan β = 50. The red dotted regions are excluded by
isospin asymmetry constraints, while the green regions are excluded by the lower bound on the
branching ratio and the blue region by the upper bound on the branching ratio.
larger. Fig. 9b shows the dependence of the isospin asymmetry in function of tanβ and Mmess.
Here the isospin asymmetry starts excluding the parameters for Mmess higher than 10
9 GeV
and for large values of tanβ.
With more accurate experimental data becoming available, one can hope that the isospin asym-
metry could be a valuable observable even for low messenger scales.
3.5 Constraints on the physical masses
Up to this point, we investigated the dependence of the isospin symmetry breaking on the
parameters of different supersymmetry breaking models. We now consider the physical masses
of the superpartners and investigate the values excluded by the isospin and branching ratio
constraints.
We consider first the masses of gluinos and squarks, which are relevant for the strong interac-
tion phenomenology. For this purpose, we explore mSUGRA and AMSB parameter spaces and
13
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Figure 11: Constraints on the charged Higgs mass in the mSUGRA parameter space for A0 = 0,
m0 = 500 GeV (left) and m0 = 1000 GeV (right), and for different values of tanβ. The
horizontal dashed line shows the limit from isospin asymmetry, ruling out the whole region
above it.
we consider u˜L squark as an example, since all heavy squarks have approximately the same
mass. The results of the scans for (mg˜, mu˜L) planes are shown in Fig. 10. We generated the
masses and couplings using SOFTSUSY 2.0.14 [8]. The regions excluded by isospin symmetry
breaking are marked with red dots, while those excluded by the branching ratio are marked
with blue and green dots. The region with approximately mu˜L > 0.8mg˜ is not accessible due
to the fact that squarks can become tachyonic at high scales in this region [23].
One can notice that in the AMSB parameter space, both the upper and lower bounds of the
branching ratio provide restrictive constraints, but that the isospin asymmetry still rules out
some additional parts of the space.
As another example, we study the constraints on the charged Higgs mass. The charged Higgs
boson is of special interest as a new physics discovery channel at the LHC. Fig. 11 shows
two-dimensional plots illustrating the constraints on the charged Higgs mass from the isospin
asymmetry in the mSUGRA parameter space. The calculation has been done for different val-
ues of tanβ. The horizontal line in these plots delimits the upper bound of the allowed isospin
asymmetry. One can notice that the highest restrictions are obtained for large tan β values.
For instance, for m0 = 500 GeV and tanβ = 50, the mass range between approximately 150
14
GeV and 630 GeV is excluded, while for tanβ = 30, the region between roughly 400 GeV and
720 GeV is excluded. One can also notice that for a higher value of m0 such as m0 = 1000
GeV, only larger values of charged Higgs masses are excluded.
4 Summary
In this article, we explored different supersymmetric scenarios and presented the new informa-
tion and constraints obtained from isospin symmetry breaking in radiative B meson decays.
The calculations have been performed using our recently developed program SuperIso [7].
In many regions, the constraints from isospin symmetry breaking are very restrictive. There-
fore, this new observable is very valuable to probe new physics scenarios. The study presented
here is not exhaustive, and other regions/parameters, or models, could easily be explored by
the same method. In this paper we have shown some examples of the information we can obtain
using this novel observable.
Finally, extending this study to other models, in particular beyond the MSSM could also be of
interest.
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